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Remarks 

Applicants request entry of the amendments and reexamination of the application. 
Applicants also enclose a Request for Extension of Time in order to enter this paper. 

Claim 65 has been amended to clarify the "expression cassette" recitation, as 
requested by the Examiner (see page 3 of Paper No. 20). Amended claim 65 now recites 
an expression cassette having the coding sequences of two different neurotrophic factors. 
Claims 67-69 have been amended to clarify the recitation of adenovirus vector, as 
requested by the Examiner (see page 3 of Paper No. 20). The phrase "recombinant 
adenoviruses" has been replaced with "recombinant adenovirus vectors," for example. 
Claims 92 and 113 have been amended to recite "a bicistronic expression cassette." This 
amendment clarifies the language the Examiner referred to in claims 92-96 and 113 (see 
page 3 of Paper No. 20). Furthermore, the specification refers to a bicistronic unit at page 
12, lines 9-17, thus clearly and unequivocally describing a bicistronic approach to 
expressing two or more sequences now recited in the claims. 

Claim 95 has been amended to refer to the bicistronic expression cassette of claim 

92. 

No new matter enters by these amendments. 

Objection to the Drawings 

The Advisory Action (Paper No. 25) indicated that the drawing corrections submitted 
on July 28, 2003, are approved. 

Rejection under 35 U.S.C. § 112, Second Paragraph 

The sole remaining rejection to the application is a rejection of claims 65, 67-69, 92- 
96, and 113, under 35 U.S.C. § 112, second paragraph. The PTO asserts that these 
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claims are indefinite for failing to particularly point out and distinctly claim the subject matter 
claimed. Applicants respectfully disagree. 

As explained in the response filed November 12, 2002, the claims that include 
references to adenoviruses and expression cassettes are clearly understood by one of 
ordinary skill in the art. However, solely to expedite the prosecution of this case and 
because none of the amendments restrict or limit the scope of the claims, applicants have 
proposed several changes to the language. These changes simply change the reference 
to the vectors from "recombinant adenoviruses" to "recombinant adenoviral vectors" in 
claims 67-69. Since the prior use of the term "adenoviruses" included the understanding 
that the viruses were being used as vectors for the encoded neurotrophic factors, this 
amendment merely uses alternative language. 

Also, claim 65 has been amended to clarify that the vector encodes the neurotrophic 
factors, as one of skill in the art would have understood from the relationship to claim 64, 
which recites that the two vectors encode neurotrophic factors. Applicants have also 
changed the language relating to the simultaneous expression of the neurotrophic factors 
to make it consistent with the rest of the amended claim. Pages 7-14 of the specification, 
for example, describe the many options one of ordinary skill in the art may select from and 
use to prepare the adenovirus vectors recited in the claims, and page 12 specifically refers 
to options in preparing vectors for simultaneous expression. 

Finally, claims 92 and 113 have been amended to add the term "bicistronic." As 
explained above, the specification specifically refers to this option at page 12, lines 9-17. 
Applicants submit that one of ordinary skill in the art understands the reference to 
bicistronic expression cassettes and would have had the same understanding at the time 
the application was filed. In support of this statement, applicants submit several journal 
articles and abstracts that specifically refer to bicistronic expression and the use of vectors 
with bicistronic constructs at the relevant time period. For example, Castleden et al. 
(abstract only) refer to bicistronic constructs in retroviral and adenoviral vectors, Chen et al. 
(abstract only) refer to a bicistronic adenoviral vector, Kulmburg et al. (J. Mol. Med. 75:223- 
228) refer to bicistronic plasmid vectors, Havenga et al. (abstract only) refers to the general 
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concept of bicistronic constructs, and Lee et a/. (J. Virol. 72: 8430-8436) refers to bicistronic 
plasmid vectors. Applicants have enclosed copies of these documents for the Examiner's 
convenience. Clearly, one of ordinary skill in the art was familiar with the general concept 
of bicistronic cassettes or constructs to express sequences and was familiar with how to 
make, use, and prepare these bicistronic cassettes. Therefore, taking into account the 
knowledge, skill, and experience of one of ordinary skill at the time of the invention, 
applicants' statements in the specification referring specifically to bicistronic expression 
adequately define and describe the vectors recited in the claims. 

Applicants respectfully request withdrawal of this rejection. 
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Conclusion 



Applicants respectfully submit that this application is in condition for allowance. If 
the Examiner believes that an interview with Applicant's representative, either by telephone 
or in person, would further prosecution of this application, we would welcome the 
opportunity for such an interview. 

Applicants have included a Request for Extension of Time necessary to enter this 
amendment. No additional extension of time fees, requests for extension of time, other 
petitions, additional claim fees, or other fees are believed to be necessary to enter and 
consider this paper. If, however, any extensions of time are required or any fees are due in 
order to enter or consider this paper or enter or consider any paper accompanying this 
paper, including fees for net addition of claims, applicants hereby request any extensions or 
petitions necessary and the Commissioner is hereby authorized to charge our Deposit 
Account No. 50-1 1 29 for any fees. If there is any variance between the fee submitted and 
any fee required, or if the payment or fee payment information has been misplaced or is 
somehow insufficient to provide payment, the Commissioner is hereby authorized to charge 
or credit Deposit Account No. 50-1 129. 



Enclosure 

Wiley Rein & Fielding LLP 

Attn: Patent Administration 
1776 K Street, N.W. 
Washington, D.C. 20006 
Telephone: 202.719.7000 
Facsimile: 202.719.7049 



WRFMAIN l 2 1 20804. 1 



Respectfully submitted, 
Wiley Rein & Fielding LLP 



Date: Oct. 2,2003 
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A family of bicistronic vectors to enhance both local and systemic 
antitumor effects of HSVtk or cytokine expression in a murine 
melanoma model. 

Castle den SA. Chong H. Gai cia-Ribas I, Melciier AA, Hutchinson G, Roberts 
B,Hart IR, Vile RG. 

Imperial Cancer Research Fund Laboratory of Molecular Therapy, Royal 
Postgraduate Medical School, Hammersmith Hospital, London, UK. 

The herpes simplex virus-thymidine kinase/ganciclovir (HSVtk/GCV) system 
produces both direct and immune-mediated tumor cell killing. Here, we compare 
the efficacy of HSVtk/GCV with cytokines, alone and in combination, on the 
tumorigenicity and immunogenicity of Bl 6 cells. With respect to single gene 
modifications; only HSVtk/GCV. or high-level interleukin-2 (IL-2) secretion, 
completely prevented tumor growth, whereas granulocyte-macrophage colony- 
stimulating factor (GM-CSF) generated the best levels of long-term systemic 
protection. To augment both local killing and immune activation, we constructed 
bicistronic constructs that express HSVtk and a cytokine within the same cell. Co- 
cxpression of HSVtk with IL-2 or GM-CSF enhanced the local antitumor activity of 
any gene alone. In a tumor-prevention model, HSVtk killing, in an environment 
preprimed with GM-CSF. generated the best long-term immune protection. 
However, in a short-term therapy model, continued IL-2 expression was most 
effective against 3-day established tumors. This probably reflects differences in the 
activities of IL-2 and GM-CSF in generating short-term, nonspecific immune 
stimulation compared to long-term immunological memory, respectively. As a 
prelude to in vivo delivery experiments, we also demonstrated that these bicistronic 
cassettes can be packaged normally into retroviral (5 x 10(5) virus/ml from pooled 
populations) and adenoviral vectors (5 x 10(9) virus/ml) and function as predicted 
within virally infected cells. This family of bicistronic vectors can be used to 
stimulate synergy between suicide and cytokine genes, overcomes the problems of 
delivering two genes on separate \cctors. and should allow easier preparation of 
vectors for the delivery of multiple genes to patients' tumor cells. 



PMID: 9414257 [PubMed - indexed for MEDLINE] 
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Eradication of murine bladder carcinoma by intratumor injection of 
a bicistronic adenoviral vector carrying cDNAs for the IL-12 
heterodimer and its inhibition by the IL-12 p40 subunit homodimer, 

Chen L. Chen D, Block E. O'Donnell M 5 Kufe DW, Clinton SK, 

Dana-Farber Cancer Institute, Department of Urology, Harvard Medical School, 
Boston, MA 02 11 5, USA. 

IL-12 is a beterodimeric immunoregulatory cytokine composed of covalently linked 
p40 and p35 subunits and exhibits antitumor activity in a variety of laboratory 
models. The efficacy of systemically administered cytokines for cancer therapy is 
often limited by toxicity. The gene therapy approach provides a mechanism to ^ 
achieve temporary and high local concentrations of cytokines within a tumor with 
less risk of svstemic toxicity. We constructed replication-defective adenoviruses 
containing the murine IL-12 p40 subunit (Ad.mp40) or a bicistronic vector 
containing cDNAs for the p40 and p35 subunits (Ad.mIL-12). Murine MB49 
bladder cancer cells infected with Ad.mIL-12 secrete high concentrations of 
biologically active IL-12, while those infected with Ad.mp40 produce thep40 
homodimer. Tumors injected with Ad.mIL-12 show rapid increases in IL-12 and 
IFN-camma expression over 2 to 5 days and a return to baseline by 7 to 14 days. 
Injection of tumors with Ad.mIL-12 (1 x 10(9) plaque-forming units) results in a 
complete tumor regression in all mice, while those treated with control adenovirus 
succumb to their tumor. Efficacy is reduced when studies are performed in mice 
depleted of CD4+ and CD8+ cells or in nude mice. Mice cured of their tumor by 
Ad.mIL-12 demonstrate specific protective immunity upon rechallenge. Ad.mp40 
does not exhibit antitumor activity and may antagonize the activity of rIL-12 or 
Ad.mIL-12. In summary, gene therapy strategies for cancer using adenoviral 
vectors containing IL-12 are highly effective with no significant toxicity in mice. 

PMID: 9200473 [PubMed - indexed for MEDLINE] 
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Abstract We evaluated the survival, transgene produc- 
tion, and copy numbers of integrated plasmid units per 
host genome after lipofection with mono- and bicisuonic 
plasmid vectors in different cell lines and under various 
conditions. The addition of an integration enhancing mu- 
rine sequence nontranscribed spacer (NTS) to the plasm- 
ids increased uansfection efficiency, survival, and trans- 
gene expression. However, in human fibroblast cells this 
sequence had only marginal effects on overall plasmid 
copy number in bulk cultures. Clones producing the 
highest amounts of the transgene contained only one or 
two copies of plasmid per genome, independent of cell 
type and plasmid design. 

Key Mords Plasmid vector ■ Lipofection * Transgene 
expression ■ Gene therapy ■ Nontranscribed Spacer 

Abbreviations CWK Cytomegalovirus ' 
G-CSF Granulocyte-colony stimulating factor • 
y^ES Internal rihesomal entry sequence * 
NTS Nontranscribed spacer 



Introduction 

To improve gene therapy it is important to enhance the 
integration of foreign DNA into suitable cells and to en- 
sure a high level of transcription of the transfected nans- 
gene. While retroviral gene transfer with its compara- 
tivelv high transduction efficiency offers man}' advanta- 
ges, nonviral plasmid vector systems can be used effec- 
tive Iv ex vivo when cultured cells are used that can be 
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selected and cloned according to criteria considered opti- 
mal for in vivo therapy upon administration of transfec- 
ted cells [1-6]. To optimize gene transfer and transcrip- 
tion of recombinant genes in a plasmid-based gene trans- 
fer model we investigated the effects of selection pres- 
sure, copy number, and various vector backbones on 
uansfection and transcription. 

Several events can result in high expression of the 
plasmid's transcriptional units. First, more than one copy 
of plasmid DNA per cell might in some systems assure 
more transcriptional units leading to higher protein pro- 
duction per cell. Second, integration can occur at a very 
active region of the chromosome and a plasmid-borne 
promoter acitvity can be multiplied by cellular enhance- 
rs. Third, the plasmid itself activates via plasmid-encod- 
ed sequences the chromosome at the locus of integration 
and thus activates transcription per se. 

We designed a variety of plasmids addressing these 
questions. The plasmids contained a selectable neomycin 
icsistance gene marker [7], a granulocyte colony stimu- 
lating factor (G-CSF) expression cassette [8], and a non- 
transcribed spacer (NTS) sequence. This NTS sequence 
derived from murine rDNA is apparently involved in mi- 
crosome assembly and plasmid amplification. Plasmids 
containing this sequence have been shown both in mu- 
rine and in some human cells to raise integration at high 
copy numbers [9. 1 0]. 

We investigated the effects of the NTS sequence on 
transgene expression, studying both the quantity of ami- 
noglvcoside phosphotransferase gene (neomycin resis- 
tance) expression at increasing neomycin concentrations 
and ihe expression of the gene of interest by quantitating 
the gene product by en;:yme-linked immunosorbent as- 
sav. G-CSF was chosen as the gene of interest in view of 
us ability to ameliorate chemotherapy-induced cytopenia 
in an in vivo model system [11]. Since we have previous- 
]v shown that an internal ribosomal entry sequence 
< IRES) [12. ]?] allowing the translation of the G-CSF 
cDNA and the neomycin resistance gene from the same 
RNA. tightlv linking the two genes, leads to enhanced 
tiar.sgene expression [H]. we investigated the effect of 
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the addition of the NTS sccuenct c=n the first gtneration 
vectors (two cassettes') and on the second generation vec- 
tors containing the IRES st cut net 

The rationale was to combine thiee difftient ap- 
pioaches to obtain high producer clones from human fi- 
broblasts: (a) the NTS sequence in out \ectors should al- 
low plasmid amplification or local chiomosemal struc- 
ture chance, (b) selection pies sure was employed by in- 
a easing ntom\cm concentrations in the cuhuie media to 
select highly active neomycin iransciipiien units, (c) we 
coupled the expression of neomycin resistance directly 
to the expression of the trans gene by using an IRES vec- 
tor. 

Out results indicate that the NTS sequence in combi- 
nation with high neomycin doses does increase the prob- 
ability of obtaining high producer clones. The direct 
linkage of transgene expression to the expression of the 
selection marker via the IRES secuence additionally im- 



Fig. 1 Plasmid expression vectors presented in this paper. pCMV- 
G-CSF#Neo contains two independent expression c^sseues for the 
aminoglycoside phosphotransferase (AVo) under control of the 
thyirjindin kinase promoter - polyoma enhancer (TkPE) and for 
G-CSF under control of the CMV promoter. pCMV-GCSF-IRES- 
TkNeo and pActin-GCSF-IRES-TkNeo contain one single expres- 
sion cassette linking the thymidine kinase (rA')-aminoglycoside 
phosphotransferase fusion protein via an internal ribosomal entry 
sequence {IRES) directly to the G-CSF cDNA, This cassette is un- 
der the control of the CMV or human p-acim promoter, respective- 
ly. All vectors harbor the SV40 polyadenylation signal (Poly Ad). 
Arrows, the sens of transcription. NTS-plasmids contain the mu- 
rine NTS sequence at the indicated positions. Abbreviations for re- 
striction enzyme recognition sequences: B, BamHl, E, EcoR]; H, 
HincUh Pin', Pin A] 



pioves transgene expression. We describe here an easy- 
to-clone plasmid-based vector system with improved 
transfection efficiency and high expression rate of the 

transgene. 



Material and methods 

Murine CMS-5 fibrosaicoma cells, BaIb3T3 fibroblasts, 
and human immortalized KM ST- 6 fibroblasts [15] were 
grown in high-glucose Dulbecco's modified Eagle's me- 
dium (Gibco. Scotland) supplemented with 10% fetal 
calf serum (PanSystems. Germany), 2 mM glutamine, 
2 mM sodium pyruvate, and 50 |ig/ml gentamvein. 

pCMV-GCSRNeo contains a human G-CSF cDNA 
under control of the human cytomegalovirus (CMV) im- 
mediate/early promoter and a polyadenylation signal de- 
rived from SV40. It carries in addition a second expres- 
sion cassette for aminoglycoside phosphotransferase un- 
der the control of the TK promoter and polyoma en- 
hancer (Gift from T. Boehm). pCMV-GCSF-lRES- 
TkNeo and pActin-GCSF-IRES-TkNeo express the hu- 
man G-CSF cDNA linked to the IRES-TKNeo cassette 
(Gift from H. Yeelken) under the human CMV or human 
p-actin promoter {Gift from P. Fisch), respectively. The 
NTS fragment was a gift from F. Grummt. Plasmids are 
shown in Fig. 1. All plasmids used for transfections of 
cukaryotic cells were purified by anion exchange chro- 
matography (Macherey & Nagel, Diiren. Germany). 

The quantity of A u.g plasmid DNA in 50 jal 0.9% 
NaCl and 12 (il Transfectam (Promega, Germany) in 
50 ul 0.9% NaCl were vonexed, left for 10 min at 25°C 
then mixed and incubated again for 10 min at 25°C to 
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form the transaction complex. Cells ( 1 0 r ' i ihai were plat- 
ed in ?5-mm tissue culture dishes 1 da>' prior to transfec- 
tion. washed tw ice with serum- free medium before trans- 
fection. and (>\erlayed with ] ml of serum-free medium. 
The transfection complex was added to the cells and the 
mixture incubated ai ?~ C C at 5% CO-. After 2 h 1 ml of 
regular growth medium containing 20% fetal calf serum 
was added, and after 24 h. the entire culture supernatant 
was ieplaced with Iresh medium. Selection with G418 
(Gibco. Germany) was started the next day. 

Defined supernatants were generated by plating 10 4 
cells'crm into tissue culture flasks. On the following day 
the growth medium was replaced completely. After 24 h 
supernatants were collected, and cells were counted. 
Concentrations of human G-CSF were determined using 
commercially a\ailable enzyme-linked immunosorbent 
assays (R&D Systems. Germany). 

Chromosomal DNA from cells was obtained using the 
QIAamp Tissue Kit (Qiagcm Germany) according to the 
standard protocol gi\'en in the kit. DNAs were slot blot- 
ted on a nylon membrane (MilliBlot-S. MniiPore. Ger- 
many) and hybridized with a 3: P-labeled probe corre- 
sponding to the coding region of the aminoglycoside 
phosphotransferase gene under stringent conditions [16]. 
After exposure on a Phospholmager FUJIX BAS 1000 
(Fuji, Germany), the membranes were rehybridized with 
probes corresponding to the promoter regions of human 
P-actin or human collagen I a! to \erify equal distribu- 
tion of the DNA transferred to the membrane. The 
KMST-6/] 4 clone was used as a single copy control (H. 
Veelken. unpublished data ). 

Transection efficiencies were analyzed with a Pois- 
son regression model with a log LINK function [17] us- 
ing the program Genmod in SAS for the number of colo- 



nies. G-CSF production differences in murine cells were 
evaluated bv a two-tailed Wilcoxon test [18] using the 
program StatXact. The effect of the NTS sequence on G- 
CSF production in KMST-6 cells at various neomycin 
concentrations was analyzed by a logistic regression 
model [19] using the LOGISTIC procedure in SAS. The 
success criterion was production of a considerable 
amount of G-CSF (>0 for pCMV-GCSF#Neo transfected 
cells and - 100 ng for pActin-GCSF-lRES-TkNeo trans- 
Ucied cells, respectively). Copy number differences 
were compared by a two-tailed Wilcoxon test. 



Results 

Ti ansfeetion efficiency and expression of the neomycin 
resistance gene (aminoglycoside phosphotransferase) 

Ba!b3T3. CMS-5. and KMST-6 were lipofected with 
4 ug plasmid vector in an uncut CCC form. Primary re- 
sults had shown no effect on transfection efficiency or 
transgene expression regardless of whether the plasmid 
w as linearized prior to transfection (data not shown). Af- 
ter transfection the cells were selected at 500 (ig/ml neo- 
mvcin for 14 days, then colonies were counted under the 
microscope. Only colonies larger than 20 cells were 
counted (Table 1 ). 

Primary selection is for the expression of the selection 
marker and not against the transgene. The number of sta- 
bly transfected colonies obtained is a good means to 
measure the quantity of expression of the selection mark- 
er at increasing concentrations of neomycin. In the next 
experiment we transfected 1 0 5 KMST-6 cells with 4 fig 
plasmid and selected clones at various neomycin concen- 



Table 1 Coion> ihjit 



,rcrs obtained in different cell lines with \arious plasmids with and \vi;hout NTS at increasing neomycin concentra- 



P.asmid 



NTS Cell line 



pCMY-GCSF~Neo 
p CMV- GCSF~Neo 
pCMV-GCSF~Neo 
pCMV-GCSF£Nco 
pCMV-GCSF^'Neo 
pCMV-GCSF^Neo 
pCMV-GCSF~Nec 
pCMY-GOSF-Neo 

pCMY-GCSMRl.S-TlNco 
pGMY-GCSF-lFFS-TlNeo 

r Aciin-CiCSf-lKI-.S-nNci. 
rAci:n-GCSI -1KI S-HNec- 
rAnm-GCSF-lFTS-HNee 
pAciin-GCSF-lKLS-UNeo 
pActm-GCSl -IKFS-TkNeo 
rAcun-GCSF-IKI.S-TkV--- 



Balb?T3 



CMS-5 



Colonies 



Neomycin 
(Hg 'mi) 



Colonies 



Neomycin 
(pg ml i 



500- S00 
500- S00 



500 
500 



350- 500 
350- 500 



500 
50(i 



KMST-b 



Colonies Neom%cin 







(ug-'ml) 


ratio 


90- 


1 10 


500 




150- 


160 


500 


1.5 


?<■ 




1000 




12^ 




1000 


3.4 


i: 




2000 




< - 




2000 


4.3 






3000 








3000 




100- 


125 


500 




150- 


175 


500 


1.5 




105 


50( 








500 




C : 




1 (KM 




13' 




1000 


2.4 






;oo( 




< \ 




2000 





NTS/-NTS lvalue 

(per group) 



<0.0001 



<0.0001 



<() 0001 
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Tabic 2 G-CS1 podiiction b\ 



s.iccue ,io.,LS in various cell imt- lunsfectec with pasiniiis wiib an,: unhout NTS 



r CMY- 
r CM\- 
r CMY- 
pCMV- 

pCM\'- 
pCMV 
pCM\-. 
pCMV- 
pCM\' 
pCMV 
pCMV 
pCMV 

pActin- 
pActin- 
p Aciin- 
p <\ctin- 
pActin- 
p Actin- 



■GCSF'Neo 

■GOSF~Neo 
-GCSP-'Neo 

•GCSFpNeo 
-GCSFsNeo 
-GCSF-Neo 
-GCSF-Neo 
■GOSF~Neo 
-GOSF~Neo 
-GCSF-Nco 
-GC SFpNco 

-GCSF-IRFS 
-GCSF-IRF.S 
-GCSF-IRFS 
-GCSF-1RES 
-GCSF-IRES 
-GCSF-IRES 



NTS 



-TkNeo 
-Tl-Neo 
-Tl- Neo 
-TtNeo 
-TT Neo 
-TFNeo 



Cell line 



Ha;b?T? 
bi,lb?T5 

CMS -5 
CMS-5 

KMST-6 
KMST-6 
KMST-6 
KMST-6 
KMST-6 
KMST-6 
KMST-6 
KMST-6 

KMST-6 
KMST-6 
KMST-6 
KMST-6 
KMST-6 
KMST-6 



Neomycin 
(ug ml i 



500 
500 

500 
500 

500 
1 000 
2000 
3000 

500 
1 000 
2000 
3000 

500 
1000 
2000 

500 
1000 
2000 



G-CSF iu«K24 * 1! 



Median Range 



Mean-SD 



(i 


0- 1 0 


2 .9*4.5 
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0 
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0.2^0.2 
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13. 5r 19.7 


10.* 


0-68. 8 
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47.9=49.1 


41.5 


0-161 
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73 
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P value 
(2 NTS I 



<0 028 
<0.0006 

<0.013 



<0.047 



nation? for 14 days. Colonies were counted again as 
above (Table 1). Selection was performed using increas- 
ing concentrations of neomycin in the media during 
growth of transfected cells. Preliminary tests showed the 
effectiveness of this approach in murine bulk cultures 
since a good correlation between increasing neomycin 
concentration and G-CSF production could be observed 
(data not shown). 

The addition of the NTS sequence increased the trans- 
feror, efficieny in the human system (KMST-6) by 
50%- r 00%. Since the trarsfection efficiency in the mu- 
rine svstem was already very' high (up to 8% stably 
transacted clones), no further statistically significant m- 
ciease was observed. As shown in Table 1. colony num- 
bers found with KMST-6 cells drop when higher selec- 
tion pressure is administered. This indicates that some of 
the transplants produce insufficient aminoglycoside 
phosphotransferase to survive under high selection pres- 
sure. These experiments showed that cells transfected 
with the plasmids containing the NTS sequence have 
higher resistance gene expression as shown by signifi- 
cantly better survival (PO.0001) than the transfectants 
without the NTS sequence. On the other hand, the vector 
containing in addition the IRES sequence gave the high- 
est number of neomycm-resistant clones Furthermore. 
NTS-containing colonies do grow better and more quick- 
Ivthan their non-NTS counterparts (data not shown j. 



Expression of the transgenc G-CSF : effect of NTS 

We next nested e.xpiession of the tiansgene of interest. 
Balb?T? and CMS-5 eclis were uansfecied with 4 pg 
rlasniic F'NA. Stably transfected colonies weic selected 
at 500 ug ml neomycin. KMST-6 cells were tiansfccied 
with the ;irsi-gciKiauon vecior and with the IRES con- 



struct and selected at various neomycin concentrations. 
Colonies were ring-cloned after two weeks and further 
expanded in media containing 500 (ig/ml neomycin. The 
G-CSF content of the media was then measured by en- 
zvme-linked immunosorbent assay (Table 2). 

As demonstrated before (Table 1), the strongest im- 
pact of the NTS sequence was on the level of aminogly- 
coside phosphotransferase expression, seen at high neo- 
mycin concentrations. We thus investigated the role of 
the NTS sequence in transfection experiments in human 
fibroblasts, with selection at increasing neomycin con- 
centrations. We wanted to determine whether increased 
expression of the selection marker is associated with 
high expression of the transgene as well. As shown in Ta- 
ble 2. the NTS sequence generates clones at high neomy- 
cin concentrations with the highest levels of G-CSF ex- 
pression. The effect of NTS was statistically significant 
with both tvpes of plasmids. although the effect was less 
pronounced in cells harboring the IRES construct. This 
mav be due to the fact that the genes behind an IRES are 
expressed less than the genes upstream of the IRES [20]. 
This means that in the IRES construct neomycin resis- 
tance mav already be a limiting factor, imitating a high 
selection pressure. This hypothesis is supposed by the 
observation that no stable clones can be obtained at 
3000 mg ml neomycin using the IRES construct. 

Comparing the first-generation vector and the IRES 
construct, it "is clear that the IRES construct yields the 
best results. Since expression of the transgene is linked 
to expiession of the selection marker gene, none of the 
tested clones lacks expiession of the transgene. As the 
selection marker is probably expiessed only at lower lev- 
els than the independent cassette due to its position be- 
hind the IRES, the effect of using transgene expression 
with incicasing neomycin concentration is less pro- 
nounced 
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Copy numbci 

The NTS M-oucnce was originally ik'smbed in the mu- 
rine system to meicase the copy number of mienateci 
plasmids in the genome. No correlation, however, was 
demonstrated between actual copy number and level of 
transient' expression. Other mechanisms, such as local 
chiornosome conformation changes, have been proposed 
as well. 

in a final set of experiments, wc sought to clarity 
which of the proposed mechanisms auumts for impi ove- 
rrent in aminoglycoside phosphotransferase and G-CSI 
production in clones transfected with the NTS-plasmids 
and selected at hi^h neomycin concentration: high copy 
number or a local activation of the chromosome by the 
NTS sequence 9 To distinguish between these two mech- 
anisms, we estimated copy numbers of the integrated 
plasmid in bulk cultures and selected clones. Chromo- 
somal DNA was isolated from expanded cells and slot 
blotted at equal amounts onto a nylon membrane. We es- 
timated effective copy numbers by comparison of radio- 
activity hvbridized to the slot-blotted DNAs and scanned 
with a'Phosphohnager. 

As a probe we chose the coding region of the amino- 
glycoside phosphotransferase gene (neomycin resis- 
tance). For a positive control for single copy integration 
into the KMST-6 genome, we used DNA from a refer- 
ence clone (KMST-6/14). This clone has been shown 
by Southern blot analysis to contain only a single copy 
of the aminoglycoside phosphotransferase gene integrat- 
ed (H. Yeelken. unpublished results) To exclude varia- 



tions in DNA load, the blots were rchybridized with 
a fragment from the human collagen 1 otj promoter 
(data not shown), and radioactivity' counts from the neo- 
mycin hybridization were standardized against these val- 
ues. 

Table 3 Cop\ numbers found m KMST-6 bulk cultures 



Ntem> ein 


C op\ number obtained 


with plasmid 


t a g mli 








pCMY- 


pCMV- 


pActin- pActin- 




GCSF*Neo 


GCSF* 


GCSF- GCSF-IRES- 






Nco-NTS 


IRES-TkNco TkNeo-NTS 


500 


8.1 


9.1 


1.5 2.3 


1000 


7.5 


11. 5 


1.4 2.1 


:ooo 




10.7 


1.6 2.3 


?000 


7.2 


9.4 


nd nd 




P=0.029 (= 


NTS) 


P=0.1 a (2: NTS) 



: Few data points 

Fig. 2 Copy number detection of plasmid DNA in selected 
clones. Chiomosomal D.v\ horn cells was slot blotted on a nylon 
membrane and hybridized with a 3: P-labeled probe corresponding 
to the coding region of the aminoglycoside phosphotransferase 
yene (neomycin resistance). Filters were exposed on a Phospho- 
Imager to count radioactivity in the hybridization areas. The mem- 
branes were then re-hybridized with probes corresponding to the 
promoter regions of human p-actin or human collagen 1 a! and re- 
counted on the Phospholmager to verify' equal distribution of the 
DNA transferred to the membrane. Corrected radioactivity counts 
are given as relative counts per minute (rel. CPM). The clone 
K.MST-6/14 was shown previously by Southern blotting to contain 
a single plasmid copy harboring one unit of the aminoglycoside 
phosphotransferase gene 
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Copy numbers in KMST-6 bulk cultures were deter- 
mined and found to be elevated in cells transected with 
the NTS-plasmids about 1.5-fold, as described in Ta- 
ble 3. Copv numbers were higher in bulk cultures ob- 
tained from transections with NTS-containing plasmids; 
nonetheless, the increase was only marginal (1.5-fold). 
Interestingly, the IRES plasmids give rise to only very- 
low copvVumbers. suggesting a selection of integration 
sites allowing high transgene expression. 

We then concentrated on selected clones from the 
above experiments. We analyzed the best G-CSF produc- 
ing clones obtained from Balb?T?. CMS-5. and KMST-6 
cells. We added zero and intermediate producers from 
KMST-6 cell transfections. obtained at 500 and 
3000 ug .-ml of neomycin, respectively. As with the bulk 
cultures, chromosomal DNA was isolated from the 
clones, blotted to nylon membranes and hybridized with 
the aminoglycoside phosphotransferase-specific probe. 
Equal DNA load was checked by rehybridization with a 
probe corresponding to the human P-actin or human col- 
lagen 1 a } promoter, respectively (data not shown). 

Figure 2 shows the scanned autoradiogram of DNA s 
obtained from selected clones and hybridized with the 
neomycin probe. Relative counts are corrected to DNA 
content. KMST-6/ 14 is used as a single-copy control. All 
high producer clones from any cell line contained only 
verv low (1 or 2) copies of plasmid integrated. Neverthe- 
less, higher copy numbers (10-20) were seen in other 
clones producing intermediate amounts of G-CSF or no 
G-CSF. Taken together, bicistronic IRES constructs con- 
taining the NTS sequence are very potent transfection 
vectors, combining the advantage of high transfection ef- 
ficiency with high expression of the transgene. The vec- 
tors are cloned in a way that new transgene cDNAs can 
be inserted easily using the unique restriction sites PinAl 
and BamYW; new promoters can be inserted after restric- 
tion of the vectors with the single cutters Alio] and Pin A] 
(Fig lj. 



Discussion 

Gene therapv using transfection systems involving plas- 
mid vectors "is hampered by the problem that individual 
clones vary broadly in their piodunion of the desired 
transgene product. High numbers of clones must there- 
fore be screened to find a suitable producer clone. Our 
coals were to establish a method that would allow a 
more rapid screening for clones and to enhance produc- 
tion of the transgene 

We attempted to improve ex pi ess ion of G-CSF from 
murine and human fibroblast cell lines by an optimized 
selection procedure. We selected clones that expressed 
hidi neomvein icsistance and thus could survive under 
hich selection pressure. Three events max influence this 
result: First, the plasmid may integrate at high copy 
number. As described lor gene amplification in the case 
of the dehvdiofolate reductase gene under mclhotrexau 
selection, a multitude of transci iptional units would pro- 




vide a high resistance level. Second, the plasmid may in- 
tegrate in the chromosome into a transcriptionally active 
locus and profit from adjacent cellular enhancers. Third, 
the plasmid may integrate at random but induce by se- 
quences provided by itself, for example, the NTS se- 
quence, a conformational change in the chromosome's 
structure leading to high transcriptional activity. At the 
level of vector design we tested monocistronic and bi- 
cistronic plasmids. The latter directly link expression of 
the transgene to the expression of the selection marker 
gene. 

Introduction of the NTS sequence into the vector 
leads to an improvement in transfection efficiency and 
significantly increases G-CSF production with both first- 
and second-generation vectors. These results are in con- 
cordance with the NTS systems tested and described in 
the literature [10]. Best results were obtained in human 
cells when combining the two approaches, NTS-contain- 
ing vectors and selection at high neomycin concentra- 
tions. 

]n contrast, we observed differences in the way in 
which the NTS sequence affects gene expression. Al- 
though data from the literature [10] suggest that im- 
provement is primarily based on the increase in active 
vector copies, we found no evidence for this principle in 
our human fibroblast system. Copy numbers were higher 
in bulk cultures transfected with plasmids containing the 
NTS sequence but the effect on transgene expression was 
only marginal (less than twofold increase). 

Clones selected for producing high amounts of the 
transgene G-CSF had only low copy numbers (one or 
two) of plasmid integrated into the genome. Since this 
was reproducible in various cell lines transfected with 
different plasmids. we suggest that high copy numbers 
do not provide an advantage in our system. A single 
w ell-placed copy of the plasmid may act more efficiently 
lhan several hundred copies arranged in a head-to-tail ar- 
ray [21] but inserted at the wrong place. The NTS se- 
quence in our svstem seems to enhance integration at an 
active chromosomal site or activates the integration site 
bv its ability to bind high mobility group proteins known 
to influence chromsomal structure [9]. 

This is important with regard to insertional mutagene- 
sis. If the plasmids were forced to integrate into already 
active parts of the chromosome, they could interfere with 
transcription of important cellular genes We would then 
observe changes in growth characteristics. The fact that 
most NTS-less pCMV-GSCF~Neo transfected cells se- 
lected at high neomycin concentrations die could be an 
indicator lor such events. In contrast, no change in 
LHowth charac eristics or morphology has been seen in 
clones transfected with pCMV-GSCFrNeo containing the 
NTS seouence. These data suggest that no important 
renes have been injured during the transfection event, 
and that the NTS sequence improves transcription and 
production rather bv activating the integration site than by 
inierlerence with already active loci on the chromosome. 

We have shown that increasing concentrations of the 
selection a- rent neomvein in growth media is associated 
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with impiovcd trar.sgene expiesMtm. This efieet was 
more pronounced in cells iranslected with the first-L'en- 
eration vector than in cells lumslccied with the second- 
L'cneration ]RLS vectors. It has been shown [20] that 
uenes translated behind an 1RI S sequence are three to 
ten times less efficiently translated than those translated 
directly by the normal CAP-deperuient mechanism used 
bv eukaivotic cells in general. Very probably our IRES- 
containing vectors therefore show self-teMriction in the 
expression of the aminoglycoside resistance gene and in- 
ternally increase the production of the transgene. 

Using! high amounts of neomycin in the medium is 
not onlv costlv. but high expression of the aminoglyco- 
side resistance gene may have negative effects on the cell 
itself [22]. Using the second-generation IRES plasmids 
offers the advantage of internal limitation of the amino- 
glycoside resistance gene overexpression combined with 
an enhanced tiansgene expression. The addition of the 
NTS sequence increases the probability of obtaining a 
highlv active plasmid copy in the genome. Since the in- 
ternal linkage of the tiansgene to the selection marker 
eliminates virtually all nul-produccr clones, the combi- 
nation of NTS and IRES backgiound seems to be the 
vector of choice for the expression system described 
achieving high transfection efficiency and increased 
transgene expression at low selection toxicity in human 
fibroblasts. 
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Second gene expression in bicistronic constructs using short synthetic 
intercistrons and viral IRES sequences. 

Havenga MJ, Vogels R. Braakman E, Kroos N, Vale; io D, Hagenbeek A, van 
EsHH. 

Department of Molecular and Cellular Biology, Section Gene Therapy, Leiden 
University Medical Centre, Leiden, The Netherlands. 

In this study, we describe the efficiency of second gene translation in bicistronic 
constructs containing either a short (36bp) synthetic intercistron or known internal 
ribosomal entry sites (IRES). Experiments were performed using two different gene 
combinations: Herpes simplex virus-thymidine kinase (HSV-TK) and neomycine 
(NEO) or human glucocerebrosidase (hGC) and a methotrexate (MTX) resistant 
mutant dihydrofolate reductase (DHFR). We demonstrate that upon transfection, 
second gene translation is efficient using either an IRES or a 36-bp intercistron. 
Infection with retrovirus carrying the TK and NEO genes linked via a 36-bp 
intercistron resulted in both G418R (NEO expression) and gancyclovir (GCV) 
sensitivity (TK expression), indicating that both genes were expressed and thus that 
the genomic DNA and RNA of this bicistronic construct were intact. Likewise, 
retrovirus carrying the hGC and mutant DHFR gene separated by a short 
intercistron was harvested from MTXR murine PsiCRE cells. However, infection of 
PA317 cells with this virus supernatant did not result in the presence of hGC 
enzyme activity in these murine cells. Proviral DNA and RNA analyses indicated 
that the hGC coding region was lost from the original construct in the infected 
PA317 cells. In contrast, retrovirus carrying the hGC and DHFR cDNAs was linked 
via an IRES functioned as expected. Based on these results, we conclude that the 
efficiency of second gene translation using short sy nthetic intercistrons might prove 
useful in bicistronic constructs, depending on the gene combination used. 

PMID: 983 1667 [PubMed - indexed for MEDLINE] 
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Optimal Induction of Hepatitis C Virus Envelope-Specific Immunity by 
Bicistronic Plasmid DNA Inoculation with the Granulocyte- 
Macrophage Colony-Stimulating Factor Gene 

SEENG WOO LEE. JAE HO CHO. and YOUNG CHUL SUNG* 

DcjHinnuni of Life Sen rut. ( t nur lor Biohtnaional M(ntcutc<. School of linvironmaual Enyinccring, Policing 
l>;/w/.wo of St una and 7 echnologw Hyoia Dong. Pohang, 790- ' "M Korea 

Received 30 April 1 °9S Acapieri 1 July 

Jn this study, we have t -onstructed various DNA Murine vectors that tarried hepatitis C virus (HCV) 
envelope genes without and with the gramilocyte-macrnphage colony-stimulating factor (GM-CSF) gene in 
several different ways. Jn HuHalo rats that received plasmids earning the HCV envelope genes, which encode 
envelope proteins E] and E2. both antibody and Jymphoprolif'erative responses against these proteins were 
induced. These responses were greatly enhanced by the codelivery of the GM-CSF gene. In particular, 
inoculation with a bicistronic plasmid that independently expressed the GM-CSF gene and the envelope genes 
in the same construct generated the highest antibody tilers and significantly increased lymphoproliferative 
responses against these proteins. Moreover, strong antibody responses to homologous and heterologous 
hvpervariable region 1 peptides were elicited in the immunised rats. 



Hepatitis C virus (HCV) has been identified as a major 
causative agent ol posttransfusion and sporadic non-A. non-B 
hepatitis (2. J 3). More than 7U c r of HCV infections are per- 
sistent and eventually lead to liver cinhosis and hepatocellular 
carcinoma (28). To date, the only treatment for chronic HCV 
infection is alpha interferon therapy. However, long-term re- 
sponses to this therapy occur in only 1(1 to ?O c Tc of patients (20. 
25). Therdore. the development ol a vaccine to prevent HCV 
infection is of the greatest urgency. HCV has a 9.5-kb positive- 
strand RNA genome that encodes a single polypeptide. The 
polypeptide is processed by cellular and viral proteinases to 
produce both the structural and the nonstructural HCV pro- 
teins (4. ](). 30). Based on data ihat was derived from clinical 
and experimental studies of humans and chimpanzees, it has 
been suggested that hot}) humoral and cellular immune re- 
sponses lo HCV proteins can be generated (ft. 11. 24. 26). Jl 
has been shown that HC\ envelope pioteins ] and 2 appear ro 
be kev viral antigens for the induction oi protective immunity 
in experimental chimpanzees (3). Recently. DNA vaccine ap- 
pioachcs have been applied to generate immunity to HCV 
proteins. The expression of the HCV core and E2 proteins 
resulted in the generation of HCV antigen-specific immum 
responses (14. 19. 21. 33) 

The use (if cytokines to modulate immune responses in 
DNA immunisation is being actively investigated. Granulo- 
cvic-rnacropnage colony-stimulating taeior (GM-CSF). a he- 
matopoietic growth iactor. has been widely used as a molecular 
adjuvant to induce immunity. It has been shown that itliotypc- 
GM-CSF fusion piotems .ire effective vaccines lor lymphoma, 
without the need lot another aeunant (32). In addition, tin 
intramuscular inoculation of the GM-CNF ginc together with 
plasmids earning virai genes. Mich as those encoding the gly- 
coprotein of rabies virus and VP] oi cnccphaiomyocarciitrs 
Mfus. increased ant igcn-soccihc immune responses ano pro- 
tective immunity (31. 3b). Otner cvioKines Mich as intcricr 
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kin-2. intcrleukin-12. and gamma interferon have also been 
shown to enhance the immune responses to coadministered 
antigens (5. 12, 37). These reports suggest that the local ex- 
pression of relevant cytokine genes can aflect the microenvi- 
ronrnent. which allows for immune responses to be elicited by 
the coadministered antigens. 

In this study, we compared the levels of immune responses 
induced by HCV El and E2 DNA-based immunization with- 
out and with various forms of the GM-CSE gene in Buffalo 
iats. Our result demonstrated that HCV envelope-specific im- 
mune responses were significantly enhanced by the codelivery 
of the GM-CSF gene. The coexpression of the GM-CSF and 
HCV envelope proteins from a bicistronic vector most effec- 
tively generated envelope-specific antibodies and lymphopro- 
hler alive responses. Furthermore, cross-reactive antibodies di- 
rected against HVR1 peptides of homologous and 
heterologous strains were generated by these procedures. 

( nnstruclion and identification of various expression plas- 
mids. pT\ 2 was constructed from PUC19 as an expression 
vector joi DNA vaccine. 'Ibis eukaryotic expression vector 
contains the cytomegalovirus early promoter/enhancer se- 
oucnee. the simian virus 40 (SV40) replication origin sequence, 
the adenovirus tripartite leader, and the SV40 polyadcnylaiion 
seuuence. To construct HCV envelope-based DNA vaccine 
vectors, we replaced the signal sequences of the El and the E2 
proa ins with that of herpes simplex virus type 1 glycoprotein D 
ii:Dk This signal sfcuericc has been shown to facilitate the 
ct v Aiciu expression and secretion of human immunodeficiency 
virus type 1 gplbO (TV In addition. C-terminal hydrophobic 
UL'irns ol envelope pH-aim \>.ere truncated to maximize the 
sanction ol these proteins. 'I o construct pSK-s. a PCR frag- 
mt.nl that contained a siLMial sequence of herpes simplex virus 
i\ pe 1 gD is; amino acid residues 1 lo 34) was inserted into 
pHiuescript SK(- ) ( Sir atagene). HCV DNA fragments that 
i Mi'ded amine acid iou : ;;o AO to 3b4 and 384 to 71°. which 
\m ; t ocMenaled Ell and Ell. t espeel n civ. of tvpe lb (Korean 
!M .aa v.ui amplified bv PCK using E1S (r'-CCA GCTTCC 
■M.A I C 1 ( iAA («('G Ctrl AAC-3'],. ElAS (r'-GCC GAA 
Tl( 1 At A( C A'lG (iAA 1 AG 'LAG-?'). E2S (5 -CCA 
1 A 1 ( ■( < . A(»A A(.(. AGG AAC G-3'l. and E2AS 
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FIG. 1. (NEN Life Science Product!-) Schematic digram ol expression plasmids used in DNA immunization. All constructs were based on pTV2, represented a( 
The bottom. pTVZ-sElt and pTVI-sE2l were designed to express the C-terminal-mmcaied Ell and E2l genes, respectively, which encompass the indicated regions, 
Jused with the DNA encoding the signal sequence of gD. pTY'2-GMCSE/Eli and pT\ : :-GMCSF'E2t were also designed to express the EH and E2t ^enes fused with 
that ot GM-CSF. pT\'2->E 1 1 1 RES GMCSF and pTY2-sE2t 'I RES'GMCSF were each constructed to express both the HCV envelope and GM-CSF genes under the 
control of the cviomtgalm irus (CMY'i piomoiei and the internal ribosomal entry sequence (IRES), respectively, oi enccphalomyocarditis virus. pTV2-GMCSF was 
also made to express the GM-CSF gene alone. Both Ell and E2t genes are shown as open boxes, and the GM-CSF gene and IRES are shown as striped boxes and 
dotted boxes, respectively. Numbers in parentheses indicate the numbers of the jnnno acids encoded by the DNA tragment. (B) Identification of HCV envelope 
proteins. 1 Tanslccled COS-7 ctlis w ere labeled with - S-Express label (NEN Lift Si it nee Products') and immunopiecipitated as previously described. Cell lysates were 
immunoprccipitated with either anti-El (ianes 1 to^ '; o: ann-E2 (lanes 5 to S j monoclonal antibodies. Moiecuiai mass markers and corresponding proteins are indicated 
at the lieht and let!, respectively. 'I lansltcted plasmids art indicated at the top ot each lane. SVdfJ. simian mtus 40; MCS, multiple cloning site; TPL. adenovirus 
uiparlitt leader 



ir'-GCG AAT TCT AAT ACT CCC ACC TGA TCG CA-3') 
primers. The amplified products were digested with BglU and 
EcoR) and inserted downstream oi pSK-s to produce pSK-sEJl 
and pSK-sE2t. The resulting plasmids were digested with Xho) 
and Xba) and then inserted into these same sites in pTV2 lo 
generate cukapyotic expression vectors pTV2-sE3t and pTV2- 
sE2t (Fig. 1A). To investigate whether immune responses to 
HCV envelope proteins are modulated by the code livery of the 
GM-CSF gene, we constructed several expression plasmids 
that carried HCV envelope genes in combination with the 
GM-CSF gene. A plasmid that c> pressed GM-CSF but not 
HCV sequences. pTV2-GMCSJ : . was consnuned by inserting 
the murine GM-CSF gene for MFG- GM-CSF (6) into pT\ 2 
(Fig. 1AV lo construct plasmids that expressed GM-CSF and 
the HCV emejope pioicms as fusion pioiems. the GM-CS1 
gene was amplified by PCR from pTV2-GMCSF with the T" 
urmersal piimer and the G09SA primer fp'-OCG CO CCC 
ATA TGG C A J TIT TGG ACT GG~?' i. These scenic nccs 
were replaced with hGH of either pSK-hCHElt or pSK- 
••(.in:: m rmniu pSk-( AK SI f 1: and :-SK-( A1( SF ll:. 
icspcciivclv. These plasmids were digested with 7_;<cRJ. and 
ihc GM-CSF and HC\ sccjuonces were rird into p'F\'2 u 
ge-aiatc pT\ :-(AlCS! F 1 1 and pTXT-CAK SI ! 1 1. iespe- 
ii\cly (Fig. 1A). "1 o construct hicisiiomc pa-imds. the GM- 
( 'SI \-ene was .unphhed b\ P( U \\ ilh the ( A1-CSI N-U rmma. 



(GCN) primer (5'-GGA ACC ATG GGG ATG TGG CTG 
CAG AAT-3') and the T7 universal primer. The amplified 
product was digested with Nco} and BamHl and inserted 
downstream of pSK-]RES to generate pSK-IRES/GMCSF. 
The Ell and the E2t genes were individually inserted into 
pSK-lRES GMCSF to produce pSK-sEl t/lRES/GMCSF and 
pSK-sE2t IRES GMCSF. respectively. These plasmids were 
digested with either Xho\ and Xba\ or Aspl\§ and A'fcfl], and 
the resulting fragments were inserted into pTV2 to generate 
pTV2-sE.lt J RES GMCSF and pTV2-sE2t/]RES/GMCSF, re- 
specti\ely (Fig. 1A). These bicistronic plasmids were designed 
lo c oexist ess each HCV cm elope protein and GM-CSF from 
the same plasmid. To determine if these plasmids expressed 
mimuno'o^icallv tele\am proteins, a transient transfection as- 
sav oi COS-" cells was perjormed as previously descr ibed (16. 
]~y As shown in Fig. IB. the sElt and the sE2t proteins were 
delected at estimated molecular masses of — 34 to ?6 and — 49 
to ; 1 kF)a. i espccti\ el\ . when cell lysates were precipitated 
with either anti-El or anti-EZ monoclonal antibodies (lanes 2. 
3. r,. ;md "1. h is likeh thai approximately 5 r i of the envelope 
pi clems expressed nom these constructs were secreted into 
emutie super natants (daia not shown). In addition, the fusion 
pi clems. ( AH SI 1 '. I ; ; nc ; ( AlCSF 'E2t. were detected at mo- 
iecuiai masses ol - r 1 .' to and -7? to 1 ( ) kDa. tespectiveh 
i . . i t i e 1 s ; and r i. An - ? i - t c ??• k Da band 1 hat cor respi ^nded to 
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into iht antericr tibialis muscles at 8-week intervals. Two hundred micrograms of 

rTV" riasmid was jnitctcd into the anicnoi tibialis muse It ol each rtii in poup 1. ; . . . . , 

[tour Hi"' M) ^ ot each ot i hi- pTYI-sHh and r TV:-sI-::t plasmids and 40 Hg ( >1 the pTV2-GMCSF plasmid wen injected.^ 
' The anti-El and anti-E: antibody liters wtu trammed with pooled stia of tach pou;- 



• V tm ;-]t hufialo iaO wcu initcted thret units with a total ol ^ ol plasmids ..... ■ . • ^ \, , 

Itm< ■ ■ ... ( p lU jp p ;inc j ](>o of each plasmid was injected into each rat in groups ll, IV, and V. In 



antibody tneis tttu cammed with pooled stia ot ti.cn pour ui i<ns «n ««r> after the last DNA injection (at week 19). 
- Three weck^nei" t he laM DNA "injections, each spitnocvtc oHamed from immunized rats (six rats tiom each poup) was used in prohtcrat.on assay 
« Values ilTt mtan stimulation ind.ces loi each rat r standard deviations. Prohferation assavs were carried out w.th triplicate wells 
1 NT, not tested. 



the Elt protein was ;i)so observed in pTV2-GMCSF El t-tr ans- 
fected cell Ivsates. presumably due to the cleavage of the junc- 
tion region "between the GM-CSF and the El I proteins (lane 
1). ]n contrast, a specific protein band was not detected in cell 
lysates thai were transacted with control plasmid pTV2 (lanes 
4 and 8). The culture supernatants oi transiected COS-7 cells 
were assaved to determine the expression level ol GM-CSF 
with a commercial GM-CSF enzyme-linked immunosorbent 
assav (ELISA) kit (RcvD Systems). All plasmids that encoded 
GM-CSF. including the fusion constructs, produced similar 
levels of GM-CSF. approximately 5.2 to b.S ng ml (data not 
shown). 

Antibodv n spouses to HCY tnvtlopt prut tins resulting 
from DNA immunizations with or without the eodelivtrv ot the 
GM-CSF gene. To elucidate the most cflcctive GM-CSF code- 
b\erv method for the induction of immune jesponses to HCV 
envelope proteins, the various expression plasmids were in- 
jected into the anterior tibialis muscles of temaie Buffalo rats 
at S-week intervals (1 able 1). Four- to 6-ueek-old female Buf- 



falo rats were purchased from Harlan Sprague-Dawley and 
were housed in the specific pathogen-free facility of the Po- 
hang University of Science and Technology. Briefly, all the rats 
received intramuscular injections in the anterior tibialis muscle 
of 200 u-g of plasmid DNA dissolved in 150 u.1 of sterile saline 
following pretreatment with bupivacaine-HCl (ASTRA) (35). 
This was followed by two booster immunizations with the same 
dose at weeks 8 and 16 after the initial DNA injection. Sera 
were collected by tail bleeding at selected time points and 
monitored for the presence of antibodies to HCV envelope 1 
and 2 (El and E2) proteins by ELISA using the hghElt and the 
hghE2t proteins that had been purified from recombinant Chi- 
nese hamster ovary (CHO) cell lines as specific antigens. An- 
ti-El antibodies were initially detected at week 6 postinocula- 
tion. The seroconversion rate ranged from 6 to 11% for the 
diflerent rat gnmps (Fig. 2A ). After a booster immunization, a 
dramatic increase in the rate of seroconversion was observed 
for the group V rats (up to 809c). Only slight increases in the 
seroconversion rate (approximately 21 to 28%) were observed 
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ior groups J], III. and IV. 'I hcse rates vutc luithcT enhanced 
bv a second booster ON A injection at week J (v Final senwn- 
\crsion rates of ? t! . 58. 32. ^nd ~V'V \un obscned lor groups 
11. ]]]. J\'. and \ . respectively. In contrast to the responses ol 
the anti-El antibody anti-F2 antibod) responses were detect- 
able at week 3. indicating that anti-F2 antibodies were gener- 
ated earlier than wcie anti-Fi antibodies in all the envelope 
DNA-immumycd rat groups (Fig. 213). Among these gioups ol 
rats, the group \' rats that receded bicistionic plasmids showed 
the Inchest si rocom e rsion rait: approximately 70^ at week b 
and ](K) r r at week 8 when the initial booster DNA was admin- 
istered. Serocomersion rates of Id and ?0 r < were observed at 
week 6 lor the group II and the group 131 rats, respectively, but 
dramatic increases in scrocom eision rate? (up to 809*) were 
obsened for both group' soon alter the initial booster DNA 
injection at week 8. A second booster DNA injection at week 
16 led to a slight increase in the seroconversion rates for the h2 
protein in both groups. In contrast to other groups of rats, the 
group IV rats that received fusion plasmids had a seroconver- 
sion rate of 25 r t at week 6: this rate gradually increased to 
approximately 709r upon the administration of two booster 
DNA injections. These observations that the seroconversion 
rates were increased by booster DNA injections suggest that 
primed immune responses appear to be generated and ampli- 
fied, a process which leads to rapid antibody responses after 
booster DNA immunizations. 

In order to obtain a semiquantitative estimation of anti-El 
and anti-E2 antibod} responses, we performed end point titra- 
tions bv EIJSA with serial dilutions ol pooled sera obtained 
Irom seroconverted rats (18). As shown in Table 1. the anti- 
body titers to HCV El and E2 proteins reached 442 and 5,662. 
respectively, in the group 11 rats. Slightly higher antibody titers 
were generated in groups 111 and IV rats by the codclivery of 
GM-CSF. As expected, the gioup V rats had the highest anti- 
body titers to the El and the E2 proteins U.615 and 71 .647. 
respectively). Taken together, our results demonstrate that 
HCV envelope DNA-based immunization generated antibod) 
lesponses to El and E2 proteins and that the E2t protein was 
more immunogenic than was the Ell protein. In addition, we 
found that the codeiivery of the GM-CSF gene from plasmids 
that encoded HCV envelope proteins could modulate antibody 
lesponses. The coexpiession ol GM-CSF and Elt or E2t Irom 
a bicistronic plasmid was the most ellective delivery method Iot 
the enhancement of antibody responses to HCV envelope pro- 
teins. 

To determine which subclass ol anti-E2 immunoglobulin G 
(IgG) isotvpes was induced by HCV E2 DNA-based immuni- 
sations with the codeiivery of GM-CSF. sera obtained at week 
I 1 ' were also tested by using horseradish per oxidase -conjugated 
sheep anti-rat lcGl "f 1:500) or JgG2a (1:2. 000) secondary an- 
tibodies (Serotec). The E2 DNA-based immunizations ap- 
peared to predominant]) produce lgG2a responses to the E2 
piotein in all the emelope DNA-immunhed rat groups (data 
not shown). These observations are in agreement with other 
reports which ha\e shown thai intramuscular DNA immuniza- 
tions preleientialh elicited Th-1 Ppe immune responses (V 

Antibody responses to HVK1 peptides. Jo generate proice- 
immunity against HCV infection. HCV em elope DNA- 
hascc immunisations must induce antibodies winch arc capa- 
ble oj neutralizing \ iral inWe'iiom Due to the' ,ack ol an 
l t: e et i\ e in Mtro cell cm;au ^Mem Jor t;ie pumagation c-: 
HCV. it is circuit to test t!K :u i:ti.:.i/ mg eapabihl) o! seia 
obtained liom PW immunized tap. 1; m.s Oecn MeMmis'- 
u polled that antibodies directed against lr> pcr\ ai la hie region 
; i J ]YR 1 ) rf die 1 _ pr.'iem vouul !,p L ucut: mg e apabiliP 
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i 3 s- c \\ e tested tlie ability ol sera obtained Irom rats that were 
imectcd with GM-CSF and HCV envelope DNA to bind to 
H\ Rl peptides. Various HVR1 peptides (Fig. ?A), including 
tvpc lb (HCV-K and HCV-J4; Korean and Japanese isolates, 
lespcctisely ! and type la (HCV-H). were purchased from the 
PcptidoGenic Research Co. (Livermore. Calif.). HVRl-spe- 
cihe antibodies were analyzed with serum samples from DNA- 
m-mmm/ed Tats b\ F1LISA. Briefly, diflerent HVR] peptides (2 
^mll which were bieumylated at their N termini were coated 
overnight at 4 C C following preeoating treatment with strepta- 
\idm (2 (jLgml) for 2 h at room temperature. After a blocking 
with bo\ine serum albumin for 1 h, 100 pel of test sera (1:100 
dilution) was added to each well and incubated for 1 h at room 
temperature. Bound antibodies directed at the HVR1 peptide 
were also detected with horseradish peroxidase-conjugated 
sheep anti-rat IgG (1:3.000 dilution) antibodies. Compared 
with that from the pTV2- immunized control group, sera from 
groups IF 111. and V rats showed the ability to bind strongly to 
a homologous (HCV-K; type lb) HVR1 peptide (amino acids 
[aa] 384 to 403) Tig. 3BV*Jn contrast to what was found for the 
total anti-E2 antibody titers, the levels of antibody responses to 
HVR] were similar for groups II, 111, and V, which indicated 
that GM-CSF codclivery had little effect on the generation of 
antibody responses to HVR1. The lower level of binding af- 
finity of sera from GM-CSF/E2t DNA-immunized rats (group 
IV) 'may be due to a block of the HVR1 epitope by its N- 
terminal fusion with the GM-CSF protein. We also examined 
whether anti-HVRl antibodies obtained from DNA-immu- 
nized rats had noss-reaciivity to F1VR1 peptides of heterolo- 
gous strains. Jt was previously reported that isolate-indepen- 
dent anti-HVRl antibodies seemed to map to the C terminus 
of HVR1 (39). Therefore, we tested the abilities of sera ob- 
tained from group 1 and group V rats to bind to various HVR1 
peptides which did (aa 384 to 410) or did not (aa 384 to 403) 
express the C-terminal end of HVR1. Cross-reactive antibod- 
ies which were capable of binding to heterologous HVR1 pep- 
tides were generated by the HCV envelope DNA immuniza- 
tions. Interestingly, heterologous HVR1 peptides which 
expressed the C-terminal end of HVR1 (aa 384 to 410) cross- 
icacied with the rat sera (Fig. ?C). However, heterologous 
HVR1 peptides that lacked this region (aa 384 to 40?) did not 
cross-react or cioss-reacted only slightly (data not shown}. In 
addition. HVR1 expressed by the same genotype (HCV-J4; 
t\pe lb) reacted more strongly than did HVR1 expressed by a 
d'ifleient genotype (HCV-H; type la). This is likely due to the 
hie he i degree of conservation of the C terminus of HVRl 
between HCV-K and HCV-J4 (Fig. ?A). Sera from other 
LMoups of rats showed similar abilities to bind to heterologous 
H\ Rl peptides, although the relative values of optical density 
at -05 nm jor each group ol rats varied. These resulis strongly 
surest that HCV envelope DNA-based immunizations can 
gene i ate cross- reactive antibodies to the HVRls of various 
HC\ mi aim. 

Enhancement of lyniphopr oliterative responses by the code- 
lb rn of the GM-CSF pent. To investigate the eflect of GM- 
CS1 codemer) on the induction of the cellular immune re- 
« ; , ;-,^c. the lymphocyte pro! lie ram e assay was performed as 
dc^iibeci previously (17). At 2 or 3 weeks alter the final DNA 
inoculation, spknocwes were tested for their proliferation in 
response to stimulation with specific antigens. The isolated 
'■mee ii eel;s were resuspt nded to a concentration of 3 X 10' 
vCc ml. A idd-Lii aneiuot was added to each well ol a '.'n-wcll 
; .iciopicr round-Pottomed plate. Recombinant proteins were 
, cced to the wcas m triplicate at a final concentration of 1 or 
1 ( i M r ml. do assure mat the spleen cells were healthy con- 
, ,-,. \ ;:] in A ( : |i l: ml i w as used as a posit ive mi tog erne control. 
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MG - Antibody response- directed u. t.nnn -lop -n> and heterologous HVRI peptides \ ar.ous HVRI peptides which were hiotinyiated at then N termini were 
used in an H ISA Seta bled at week IV (Mm dilution) uut examined. In panels b and C. the optical density (ODi value at 405 nm lor each seroconverted rat in 
the Liou'p is shown:' avfTb^e values aie indicated b\ Inunontal lines. The difkrent plasmids injected are mdicated at the bottom. (A) Comparison ol various HVRI 
sequence- ol different HCV stiains. Amino acids that are the same toi diflerent HVR] peptides are indicated bv dashed lines, and the numbers of ammo acids in the 
HCV polyprotein are indicated. (B) Abilities ot sera obtained tiom DN A-immumzcd rats to bind to homologous HVRI (HCV-K) peptide faa 384 to 40?). (C) Abilities 
o) sera to bind to homologous and heterologous H\ Rl peptides (aa 384 to 410). Statistical analvsis was perloimed by the Student / test. 



Lymphocvtcs bom all rat gioups did not haxe specific pi ol il - 
ci alive responses when a human gTowth hormone (bghj pro- 
tein, a negative control antigen, was used (Table 1). Spleen 
cells obtained horn the group 1J ia;s liad stimulation indices ol 
appioximatelv 4.4 and 9.S with ihe addition of hghH2t and 
hL'hhlt proteins, respectively \Mioi codclixcied with the GM- 
CSF gene. HCV envelope ON A elicited higher lymphopiolil- 
eiali\e lesponses to HCY emc-jope piokins than it did when 
acministetea without the GM-CSF i'eiu to group 11 Tats. 
These lesponses increased in a dosi -de pe noeni manner, ami 
the peak stimulation index was appi uximaie ly bA to 7.0 loi 
lu'hi rt and ].\(J to 11.9 for hghhli loi both L-itmp 111 and ]V 
rats. Howevei. a ivmphopToli le i at i\ e lesponse was not di - 
U ol e el bv the addition ol the hi' hi A: pn'lur, in the pour 1 tap 
that icu luc uctor ON A aioiu . Although t:u ie \un me asm- 
able K^piiopfniii ra'me respites to i-.vhl-.lt in tne group 1 
ia;o the itspi nses wcii :mt uose o.r.noem. whieh inencakv 
:ha; t!ic\ w e u no; antigen specific, line icstingh . the hew 
;im;,ic inoi"ioMi>:i o< CAM'S 1 ,.:u ; oiu.c^ rii^ii!:- 



siemhcantlv enhanced lymphoproliferativc responses to both 
hghhlt and hgh02t proteins, which reached stimulation indi- 
ces of 14.7 and 11.2. respectively. These results indicate that 
the code livery of the GM-CSF gene enhances T- helper cell 
KApons^s to HCY envelope proteins in ONA-based immuni- 
, at ion 

Conclusions. In this studv. we described several observations 
e-Mueininp ON A lmm imitations using HCV envelope expres- 
sion piasniids with or without the use oj GM-CSF as a. molec- 
ular adiuvam. lor example, the immunogenic potential of the 
J ICY ]-2t pn^tein is likely to be higher than that of the HCY 
1:1 1 protein, ai ieast in our experimental conditions. This ob- 
v nation is coinpatible uith the results of Lanlnrd et al. (15). 
win' lonrval a iouei lew! oj reactivity of anti-HCY-posiiivc 
;:;:!:. an hi.i to cinoi eeh-expiessed Iii pnMein (4 oi sera 
;-'t>Mti\e ) tiian Hi anaiogoiisi\ expressed H2 protein (15 ol K v 

ia posiijxei. In addition, we have obsened that l-oih the 
Pc'ia wai and ttu eelhaat m^n.cne lesponses \o HC\ en\elope 
: '.■•em^ v.eie ,:olm' ,e : He e ; ;n the codeli\er\' oi the GM-CSI 
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ivnc Tin ;jniilu'd\ ;uk: KmpiirptriiicN l iL^ponscs h< liu 
i_2 pi ok m vuu inawisr/c i.ppioMir.iiicly }.:- to ]2.~-loki ;:iui 
to 2.5-ioUi. it'sp-em elw h\ the t< >tic\i\e.TY ot :hc GM-CSF 
i^cnc. Jm^cu];iiions ol" Ncisnonic pi;:smic^ fliciict: higher levels 
of ;tnt ibodx imd hmphopr olik e r^ponn^ i!i;in Old ihc 
coiiiOcn'Mion ol tvwi mdcpciuieni expression phismids that 
eneoded the ( AM SI i?ene and e;ich HC\' envelope L'ene 
Thot* data suptx^t that the eoLxpiessior. o! GM-CST and the 
envelope piotenis horn the same plasniid ir,a\ optimize im- 
mune responses- to the HCY envelope pioitins. Wt su^jjest 
that the loeal concentration ol GM-CSF may he one of the 
critical iactors that eontrihute to the augmentation ol immune 
response^ 10 the eoe.xpressetl antigens. 'I his model is partially 
compatible with the Imdinps of Xianp et ah (36). v\ho observed 
that the separate inoculation of the GM-CSJ- pene and anli- 
cen-encodini: plasmids several hours apart had no effect on the 
magnitude of ann^en-specifjc antibody respenscs. In addition, 
immunization with GM-CSP-en\ elope .i>ion constructs ap- 
peared to induce smaller immune responses than did those 
with hiciMromc constructs. Jt is possible that the biological 
activity of GM-CSF may be altered when it is fused to the HCY 
envelope proteins. We conclude, therefore, that the bicistronic 
coex press ion of GM-CSF and antigens is the most effective 
wav to induce immune responses for the HCY envelope DNA- 
based immunisations. 

It has been sucpested thai the HYR] of the HCY E2 protein 
is comparable to the Y? loop of human immunodeficiency 
virus tvpc 1 which contains a neutralizing determinant (22. 27. 
34). Recently, it was shown that hyperimmune serum raised 
against a synthetic HYR] peptide induced protection against 
homologous HCY infections in chimpanzees (7). In addition, 
the earlv appearance of antibodies that wire directed against 
the N terminus of HYR] is associated with acute self-limiting 
infections of HCY (39). Our experiments demonstrate that 
strong antibodv responses to a homologous HYR1 peptide 
were induced m F)NA-immunized rats. The levels of anti- 
HYR1 antibodies that were generated from groups IF III. and 
V rats were similar (Fig. 3B). which is life y cue to the highly 
immunogenic potential of HVRl. In addition, we demon- 
strated that cToss-rcactivc anti-HYRl antibodies which mainly 
Tecogniifcd the C-teiminal end of the HYR J were genet ated in 
DNA-immunized rats. These observations arc consistent with 
clinical results that were obtained Jrom acute and chronic 
HCY-infecied patients. Cross-reactive antibodies directed to 
HYR I have been observed during chronic- HCV infection (29). 
These isolate- independent antibodies weu shown to react to 
the C terminus, of HYR] (39). It is notable that HCY E2 
DNA-bascd immunization can generate aoss-Tcaciivc anti- 
bodies to heterologous HYRF as is seen m natural infections 
of HCY. Although further studies concerning the neutralizing 
capability of these antibodies raised b\ DNA immunization are 
necessarv. our studies suggest that immunization with plasmid 
DNAs that expiess HCY envelope protons could result in the 
veneration oi proieeiive immunity against heterologous HCY 
challenge 
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